Summary
43% of full-term births in a colony of Saguinus oedipus oedipus occurred during April and May. Interbirth interval was usually 12 months in females which reared live young and 7 months in those whose young died perinatally. 81 % of all full-term births were of twins, the rest were singles. High mortality among neonates was seen with a group of bought-in animals which had been taken from their parents at an early age without participating in the rearing of siblings, and was attributable to parental incompetence. Colony management aiming to ensure that animals gain experience in caring for young before breeding is described. Mortality among all animals older than 7 days was very low. Marginal protein deficiency may have been involved in a chronic diarrhoea and weight loss syndrome seen in some animals. They recovered after addition of hard-boiled egg to the diet.
The use of marmosets (Callitrichidae) in biomedical research has been reviewed by Gengozian & Deinhardt (1978) , and management systems for their maintenance and breeding in captivity have been described by Hampton (1964) , Epple (1970) , Ingram (1975) , Hearn, Lunn, Burden & Pilcher (1975) , Stevenson (1976) , Hiddleston (1978) , Brand (1981) , and Poole & Evans (1982) .
The cotton-top tamarin Saguinus oedipus oedipus has been found to have a lower reproductive rate in captivity than other Callitrichidae (Hampton, Hampton & Levy, 1971; Hampton, Gross & Hampton, 1978; Wolfe, Deinhardt, Ogden, Adams & Fisher, 1975) for a number of reasons, including long interbirth intervals, high incidence of abortion, relatively low incidence of twin births, high infant mortality, and failure of captive-born animals to become successful parents. Furthermore, health problems have been encountered with this species in captivity, particularly in relation to the gastrointestinal tract. High mortality following severe emaciation and frequently associated with chronic colitis has been reported (Escajadillo, Bronson, Sehgal & Hayes, 1981) , as well as a Received 26 June 1982. Accepted 28 July 1982. remarkable predisposition to colonic adenocarcinoma (Lushbaugh, Humason, Swartzendruber, Richter & Gengozian, 1978; Chalifoux & Bronson, 1981) . Chamove, Cameron & Nash (1979) found S. o. oedipus to have by far the highest mortality rate of 30 species of laboratory primate in their survey, with disease of the digestive system being the most important cause of death.
Materials & methods

Animals
In 1977 12 wild-caught adult tamarins were paired for breeding. By February 1982 there were, including the original 6 pairs, 102 animals in the colony; 44 were home-bred and an additional 46 were bought-in. Animals entering the colony were kept in quarantine for at least 5 weeks, during which time they were given a clinical examination under ketamine anaesthesia (Vetalar; Parke, Davis), fitted with collars bearing identification discs, and treated for possible helminth infestation with two oral doses of 100 mg/kg thiabendazole (Merck, Sharpe & Dohme) given 14 days apart.
The animals were not otherwise handled except in emergencies, and disturbances or alterations to the normal daily management routine were avoided. Regular weighing of the animals (shut in their nest boxes) was started in 1981 to provide an index of health status. Wherever possible, essential medicines were mixed with banana-flavoured marmoset jelly (BP Nutrition, Stepfield, Witham, Essex) and made into palatable sweets containing the calculated dose. This reduced the need to stress injured or sick animals further by catching them for injection.
Housing
The animals were kept in rooms with temperature controlled to about 28°C by the automatic regulation of the temperature of incoming air. The ventilation rate was 10-15 air changes/h but humidity was not controlled. The rooms were open to natural light and were also illuminated by electric lights during working hours. In January subsequent litter was born. The young usually assisted their parents in carrying the babies and this experience was considered an important part of the behavioural development of animals subsequently to be used for breeding (Epple, 1978) . The young tamarins were taken from their families and paired at about 18 months of age.
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Breeding results
Breeding seasons and breeding cycles Births were recorded in every month of the year but there was a marked seasonal distribution ( Fig. 1 ). 43% of all full-term births occurred during April and May; this pattern matched that reported by Gengozian, Batson & Smith (I 978) and Brand (I980). The females successfully rearing live young typically had an interbirth interval of about 1 year, whereas those whose young died at or near parturition gave birth again 6-7 months later (Fig. 2) .
The presence of live young appeared therefore to Caging Pairs were kept in cages measuring 70 x 50 x 50 cm (Forthtech Services Ltd., Mayfield, Dalkeith, Midlothian, Scotland). These cages consisted of 2 adjacent compartments joined by a hatchway and the compartments could be isolated from one another by fitting a solid or mesh partition. Cages were fitted with perches, shelves and a nest box. Sawdust was used as an absorbent in the wastetrays and was changed three times a week. Cage fittings and cages were changed, sterilized by immersion in a solution of 'ChIoros' (lCl Ltd) and cleaned when necessary.
Large exercise cages of a design similar to that used by Hearn et ai. (1975) were brought into use in 1981. These were connected to the home cages by a flexible duct through which the animals could run. The animals were initially cautious but soon learned to use the access duct and appeared to like the exercise cage. From it they could see their neighbours which were normally out of sight because the cages were arranged side by side along one wall. The visual contact caused considerable excitement, with threatening behaviour and scent-marking as described by French & Snowdon (I 981), but there were no deleterious effects on health or reproductive performance following the introduction of these cages.
1981 the colony was moved to new premises providing a similar environment.
Feeding
The animals were provided with a complete pelleted diet ('Mazuri', BP Nutrition) available ad libitum, supplemented with~orange,~apple and~banana per animal per day. A vitamin D3 supplement was administered at a rate of about 40 iu/animal/day by dusting the food with glucose powder into which D3 powder (Rovimix, Roche Products Ltd, 318 High Street North, Dunstable, Bedfordshire) had been dispersed. Rat pups were provided occasionally prior to 1981 but thereafter hard boiled eggs were added to the diet on a regular basis at a rate of i egg per animal per day.
A vitamin preparation providing B6 and BIZ (Visorbin, Smithkline Animal Health Ltd, Mundells, Welwyn Garden City, Hertfordshire) was added to the food at a rate of about 0'15 ml/animal/day in 1981. No special feeding arrangements were made for pregnant females or growing young. Food and water were provided in stainless steel bowls which were cleaned and disinfected daily.
Breeding management
Breeding pairs were caged separately. Young were left with their parents until several weeks after the have a delaying effect on the timing of the next pregnancy, in contrast to the situation in the common marmoset (Callithrix jacchus) which has an interbirth interval of about 5 months (Poole & Evans, 1982) . In 1981, however, 2 females produced live young 7'5 months after their previous successfully reared litters. Brand (personal communication) has also recorded an interbirth interval of about 7 months between successfully reared litters.
The second peak in birth frequency, occurring at the end of the year (Fig. I) , reflected the second breeding cycle largely among pairs whose spring litter died perinatally.
One pair bred successfully after an interval of 1122 days, a year after their fully-grown offspring were removed from the cage. It would seem possible that in this case the presence of the offspring was inhibiting further breeding.
The environmental cues influencing the seasonal distribution of births are not known. Since gestation is 5-6 months (Hampton et al., 1971; Wolfe et al., 1975; Brand, 1980) , conception must frequently occur in October and November. Decreasing daylight and humidity (which falls in the animal rooms with decreasing outside temperature) are variables that may be involved.
Abortion
Pregnancy was diagnosed on average 42 days before parturition (the mean of 17 records in 1981, SD = 15'8) by visual inspection without handling the animals. The incidence of abortion was low, with only 4 definite cases recorded and 4 others suspected on finding traces of blood in cages. It was possible that early abortions or fetal resorption occurred undetected. Since 43 full-term births have occurred in the colony the overall abortion rate was between 9 and 10%. This is similar tõ hat found by Wolfe et al. (1975) but very much lower than the 30% and 50% abortion rates reported by Tanioka and Izawa (1981) and Hampton et al. (1971) respectively. The records presented by Cicmanec & Campbell (1978) also suggest a high abortion or resorption rate.
Litter size
Of 43 full-term births, 35 (81 %) were of twins and 8 (19%) were of singles; no triplets were recorded. This rate of twinning is comparable with that reported by Wolfe et al. (1975) , Gengozian et al. (1978) and Brand (1981) . Hampton et al. (1971) , however, found that 33% of 137 litters were of singles. It appears therefore that litter size may be influenced by environment or by nutrition, and it is encouraging that the incidence of twinning in this colony rose in 1981 (Table 1) . 
Perinatal mortality
The 43 full-term pregnancies resulted in a total of 79 young. Of these 32 were born dead or died within 7 days of birth. A large part of this high mortality could be ascribed to parental incompetence among a group of bought-in, captive-born animals which killed or abimdoned all but two of the 14 offspring they produced. These animals had been taken from their families at an early age and had gained no experience in the care of baby siblings.
With all other pairs a higher rate of perinatal mortality of young was associated with an animal's first pregnancy in the colony than with subsequent births (Table 2) , and this was probably also a reflection of inexperience (Epple, 1978) . In most cases, post-mortem examination of young failed to reveal a cause of death. At least one baby was killed by its older siblings, and abnormal interference by the latter (which typically took the form of pulling or biting the tail) was suspected of leading to the deaths of others.
High perinatal mortality has been a consistent feature in captive colonies of S. o. oedipus (Hampton et al., 1971 (Hampton et al., ,1978 Wolfe et al., 1975; Brand, 1981) , figures varying between 27% to greater than 50%, and parental neglect has been widely held to be a major problem.
Mortality during growth
Only I animal of those surviving the first week of life subsequently died. Hampton et al. (1978) reported much higher rates of mortality up to 2 years of age in Saguinus species, but did not indicate causes of death.
Breeding from captive-born animals
In 1980 1 home-bred pair had twins but abandoned them and in 1981 2 others had suspected early abortions. However, I home-bred male, paired with a wild-caught female in 1981, successfully sired and assisted in rearing a baby. *in this colony tthe notation 1/9 means 1 died out of 9 born
In 1982 a captive-bred pair gave birth to twins and have at the time of writing successfully reared them to 3 months of age. The female was bought in to the colony and had not had experience with baby siblings. She had abandoned her first litter but her success with the second shows that as in Callithrix jacchus (Hiddleston, 1978) experience with baby siblings in the family group before pairing is not absolutely essential in order to become a proficient parent.
Previous records of breeding from S. o. oedipus born in captivity are few (Olney, 1981) . Hampton et ai. (1971) reported the births of 3 viable young from colony-born females but none survived. Wolfe et ai. (1975) reported 7 live births to colonyborn females but did not indicate if the babies were successfully reared by their parents. All the females that produced offspring in the colony described by Brand (1981) had been wild-caught.
Reproductive rate of wild-caught tamarins
About 20% of the wild-caught pairs failed to breed each year, but overall production rate was I young reared per pair per year (Table 3) .
General colony health
Mortality in 1981 among the 83 animals in the colony born in 1980 or before was 5% (4 out of 83). The commonest health problem was bites (Table 4 ), but these usually healed rapidly without treatment. Second to this in incidence, but of much greater importance, was the chronic diarrhoea and weight loss syndrome. The main feature of this disease was abnormal faeces, varying from intermittent or persistent diarrhoea to soft, unformed stools. Dysentery was not grossly apparent but tests for occult blood in faeces ('Okokit', Hughes & Hughes Ltd, Romford, Essex) gave a high proportion of positive results. When first affected, animals showed little sign of malaise; they were bright, alert, and had normal appetites. In some animals there was, however, a gradual loss of condition, with varying degrees of hair loss from tails, hands and feet. Bodyweights fell in some cases from around the normal level of 450 g to less than 350 g. Affected animals appeared to have slight swelling around the eyes and the skin colour here and sometimes of the whole face was paler than normal. Chronically affected animals became less inclined to move and sat in a hunched position. All but very young animals seemed susceptible. One died, another was destroyed, but others made spontaneous recoveries after weeks of gradual loss of condition.
Bacteriological examination' of faeces consistently failed to reveal known pathogens and there was no particular serotype of E. coli associated with the syndrome. There was no evidence of parasite Post-mortem examinations of the two animals that died revealed atrophy of the exocrine components of the pancreas and mild inflammatory changes of the colon (a few crypt abscesses and infiltration of the lamina propria with inflammatory cells) similar to those of the colitis described by Chalifoux & Bronson (1981) .
Comparison of faecal trypsin levels between healthy and affected animals using a gelatin digestive test gave no indication of a deficiency of exocrine pancreas function in the latter.
Several animals were treated with a palatable paediatric preparation of Flagyl (May & Baker Ltd, Dagenham, Essex) since, although neither Giardia or amoebae had been seen in faecal samples, the symptoms suggested these organisms might have been involved; however, there was no improvement following the course of treatment (25 mg/animal twice daily for 2 days, then once daily for a further 8 days).
Hypervitaminosis D was also considered as a possible cause (Kentetai., 1958; King, 1976) . The D3 supplement was withheld for two weeks and steps taken to reduce the likelihood of overdosage thereafter, but no improvement in health was noted.
The animal protein content of the diet was then increased by addition of hard-boiled eggs at a rate of 5 per animal per day. Subsequent inspection of records suggested that the start of a period of improvement in condition and bodyweight coincided with the introduction of eggs in the diet and nutritional deficiency may therefore have been a factor in the disease. Although intermittent loose faeces continues in a small number of animals, their general condition is otherwise good.
The National Research Council of the United States (NRC, 1978) recommended that protein intake should not fall below 3'5-4'5 g/kg/day of high quality protein for small primate species, and this view has been supported by Ausman & 21 Gallina (1979) who found the maintenance protein requirement of the squirrel monkey Saimiri sciureus to be 3'6 g/kg. An adult cottontop tamarin weighing 0'45 kg therefore needs 1'6 to 2 '0 g/day of high quality protein; the maintenance metabolizable energy (ME) requirement is likely to be close to the interspecies mean of 107 Kcal/kgo' 75 /day (Clarke et ai., 1977) , or 60 Kcal ME/day. The fruit offered daily in the colony provided about 40 Kcal ME, and the further 20 Kcal could be obtained by eating 8 g of the pelleted diet. Preliminary measurements made during 1981 showed that pellet intake was around 12 g/day per adult but that some individuals ate considerably less.
Minorbites
Using McCance & Widdowson's (1960) composition tables, intake of protein from the fruit was calculated to be about 0'5 g/day. A further 2'5 g/kg intake of protein resulted from eating 12 g of pelleted diet. If the biological value of the dietary protein was half that of high quality proteins, then intake was equivalent to 1'5 g/day of high quality protein, which is just below the minimum recommended level.
Thus, it is possible that, prior to the addition of eggs, the diet was marginally deficient in protein, particularly for animals which ate very few pellets and also, perhaps, for the growing young which have a relatively higher requirement than adults. However, prior to 1981 the diet had supported the colony in apparent good health and many young had been reared on it, so that protein deficiency was unlikely to have been the only factor in the chronic diarrhoea and weight loss syndrome. The addition of egg ensured the availability of about 1'4 g extra high quality protein per animal per day.
Several authors have expressed the opinion that protein supplements, especially those of animal protein, might be particularly important for marmoset health (Shimwell, Warrington & Fowler, 1979; Brack & Rothe, 1981; Poole & Evans, 1982) and what little is known of the diet of S. o. oedipus in the wild suggests that it contains a considerable proportion of animal protein (16% of dry weight according to Hladik et a1. (1971) ). Wasting syndromes in marmosets have been described by King (1976) , Tribe (1979) , Shim well et ai. (1979), Brack & Rothe (1981) , Chalifoux & Escadajillo et al. (1981) , and in macaques by Rodger, Bronson, McIntyre & Nicolosi (1980) , but these syndromes are little understood and treatment and preventive measures are inevitably unclear at present. Nevertheless, there is evidence that stress and other psychological factors can lead to chronic colitis in primates (Engel, 1969; Porter et ai., 1958) . Tribe (1979) suggested that bullying by dominant animals may predispose victims to wasting and Wirth & Buselmaier (1982) mentioned that high-ranking individuals rarely show the symptoms.
Conclusions
Previous reports of the factors affecting the population dynamics of the cotton-topped tamarin in captivity have clearly shown this species to have a much lower capacity for rapid population growth than the common marmoset Callithrix jacchus (Hampton et al., 1971; Wolfe et al., 1975; Gengozian et al., 1978) . For this reason, C. jacchus is the marmoset of choice for many branches of biomedical research. However, S. o. oedipus is an important laboratory animal and since it is on the endangered species list its successful maintenance and breeding in captivity is a matter of some urgency.
The chronic diarrhoea and weight loss that occurred in this colony in 1981 has much in common with the syndrome described by King (1976) , Tribe (1979) , Chalifoux & Bronson (1981) , and Escajadillo et al. (1981) and these symptoms are clearly common among S. o. oedipus and other Callitrichidae. Fortunately the condition has not been associated with significant mortality in this colony and affected animals all improved greatly in condition, perhaps as a result of adding egg to the diet. The variety of diets used by different workers (Ingram, 1975; Hearn et al., 1975; Hidd1eston, 1978; Brand, 1981; Poole & Evans, 1982) reflects current lack of information on marmoset nutrition, and further research is clearly required in this field.
The successful rearing of babies (to 3 months of age at the time of writing) by colony-born parents shows that the species can survive in captivity. Rates of production are slow but can probably be improved. An increase in average litter size has been observed in a Callithrix jacchus colony over a period of years (Hiddleston, 1978) and there is some indication that reduction in incidence of single births and in intervals between live births may be possible in this Saguinus colony by improving management. The use of fostering techniques (Collier, Kaida & Brody, 1981) to provide adolescents whose parents have ceased to breed, with experience in carrying babies. may also help to increase breeding stock in future.
Although some previous publications have tended to present a gloomy picture of the possibilities for the successful breeding of S. o. oedipus in captivity, the records discussed in the present paper are considered encouraging.
